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- By Josep F. erie ee 3B. Humphrey®. _ 
PURPOSE OF THIS REPORT 

iaigeie. of Sese experience ‘is one of the best guides.to. improvement, 
perticularly in reeard to. the: prevention of accidents; by. this. means a 
relatively true picture of the causes of accidents may be drawn, the need 
of preventive measures judged, and their effectiveness determined. Explo- 
sions are entirely preventable in mining, yet fuey ranked: third among the. 
- causes of. fatal accidents in the United States during. the 10. years. ended 


December 31, 1932, and: caused 16.1: percent .of aks fatal accidents in. 
bi tuminous-coal mines during that. petted. $y, ae Ba abe Giga: ; 


Virginia held esehth place: among: the. states in at, “production, in 1932. 
Her mines had an enviable record, with no explosions for several years 
before 1932; during the first 9. honths of that year, however, they had 3 
explosion disasters in a period: when aone occurred: in-the.rest of. the coal 
mines of the United States. This circular. gives available information on 
the explosions in the coal mines of: Virginia.as far back .ag 1839, _Causes 
are summarized, the pertinent factors leading to the disasters are ‘detailed 
and’ ouPeet and the SUCCess » or lack, of PEONreus es measures noted. 


Data spested and ‘publighed by the. United States. ‘Bureau of Mines . were 
- used in compiling the tables used. in this report; in addition, the. Virginia 
. Department of Labor and Industry, through its division of mines, assisted 
in locating published records.. The operating companies in the State freely 
gave information.on explosion occurrences at their properties. | Because of 
the long period of mining and the fact that only summarized tables of” 
fatalities are given in the annual reports, even today, some cases may have 
been undiscovered; their omission, however, will not materially | affect the 
resulting conclusions. | Hae 


1 The Bureau of Mines will yeloome ‘Yeprinting of this pape: paper, saree the 
following footnote acknowledgment is used: "Reprinted from U. S Bureau 
of Mines Information Circular 6766", | 


2° District engineer, U.& Bureau of Mines, Norton, Va. 
3 Assistant engineer, U. S. Bureau of Mines, Norton, Va. 


1642 


Google 


"ee ro aS) § 


’ . “. vias 


*ETUTSITA UT hase ogronemyae re ro TBO | preq ert BTUP2IT A 8@ UMoUy CstTareN4O «eS 


| :ut4-eu TUM Lt eaord sem sivek jo spotszed 

LOZ SYSOP pus suOTsoTdxe FO UOTZSTNGQS, SUTMOTTOZ OUL "SATITTVIBZ CTuTsS Uy 

poyrnser eavy au yotya fo Aven ‘sages JeT[iwe 94} UT perinss90 £Tqeqomd yous 

SUOTSOTAXS snoOs4SEsTP SS9T JO SOTYBTTUAG SF PIOOST OU YBT, ZOBz OYA 09 OND 

oq seu pus 804449 1070 FO soUeTIOdxo Oty UPTm peredmvo poateaut suoysotdxe 

jO Jaquna vy, AOZ SOTITTEIesF JO taqumA esraT ATT WULIOUGe UB BT BTuL *UoTe 

SOTHITBIET 6 02 2 "ZT ENZO OUR PUG SYyoOuS SOTITT BIST Oh OF OT DEY g '69 PUES Gs 

POLTTA steyjZO J {wow STT POLTT uoTsotdxse [ [seTqT[Byes OTFuTs up JuyyrnsBez 
suoTsOTdxe [[GUsS JO LZTLEL OT} ST SOUTU BTUPLITA JO OANZueZ OTQaRIueL ¥ 


SHILITVIVG 
*peusdo esa f£ON4 SoUTS souTM 


{Tews pus eFTEeT 13200 ut suotsotdxe Aaejors OSTV 4NQ SUCTIFUFE LeooT ATuUO you 
psy esvyq 649 F133TD SLUTSITA 199uNqNOS pus seyUOTBIOd 944 UT soutW 4sTa¢ 


°4uUe}x0 pue uydep 


STI BIEpFsU0s peyowe. goUuTW 913 ‘ero z0q grvof ATLe0 UT ewWOSETQNOT, sacad you Ptp 
see eApsotdxe sofpzuno) ALoMOFQUOR pus Fsstrd JO PLSTtZ SyPOury{uspmes eq ut 
‘estat °2048M TATA POTITS soutu oy} pus peddoys sem HOA TT4uM peyseT pus 

UWOTZBITZUOA [ROL pottnber yey} peyoued elem syydep ueqa uBseq popzed sTu4 
Upseg PuocoMoTY oy, ul “peze[numsoe ysnp pus see yey, Pepuezxe O8 O1OM soUtU 
oy} woqM eweo Spots Seseq4 go Aue Uy MUON DUES: ENOLOUMU FO spotazed ouz 


"suo, 000'C69°L se eae 203 yndqno Cul “926T 

Ut nse ‘su04 UOTTIIM PI SBA GATSTT ZROUFTY CUL “LTET UF Su04 LOTTI TMH 

OL peysvet pus sigok mos ALOAO PeTQnop uCTIONpOd, “EEsT 44 UOTTTTW eg pue 
04835 91} UT peut au Faq elem 2e9f Jod 8u0% UCT{T Tu B@ aco vest fq ‘snuy 


*UOZION 0F SPBOITT SY oT TAuseR ? CLL TAsTnol, oe} 
pus utozseg F ATOJAON O44 FO SUTPT INQ OU} UYTA TEST UF pouedo oromM 4oTa4STDp 


qsouy4yn0S 94} UT seTyUNoO SuyUuTOf pe pus EST UT SPTETZ [e0Cd Su eT QUBZSUCO 


peddjys woeq savy [BOD OWT, 4UY4 EOUTS IGEBT .JNOQe [TJUN LOM TTATO oy s10zeq 

mors satqunog AtewoFzUOCy] pus FASeTNd uy. ATTeoO, o[eos [ [wis e uo pouyw ertosa 
COBO POI USTWIS *l90onpoid eSi1e, AlSuytsverouy we ueeq sey pues *41 Tn sua Leu 
-[Teu wr04seg F ALOFION 943 uosyAs "zest Uy polsdo Sea PlesZ sBQuouBodoOg oul 


*“UPMMEI SOATISAI [BOO Yuata YenouaTe ‘*sivek mot 

@.Uy penny 4woostp sea uofzyonpoad [woo ‘OGGT <04se peqdueqye sum [TeATAoI on0S 

YSNOUZLE {PLOFF SPUR UT pout [Oop SutuTM 48,C5 9UZ sO TEA, OUF Ja4ze gnq “aces 

GUO UT PIUTW e7em SU04Z OCOO'HG ueUmM ‘gost TOs SF UOTZONpodd jo pxlooed ysItz UZ 

"OOLT 8@ ATIe0 SB PasnN Sta [VOD Sty. Jey 94N96 SzUNODDe oWOS YFNOUTEe *OCLT 

8} UeATS ATL ENSN EYUp SOUL “eA “PUOMIOTY AIvou upse_{ puounpoyzy oy} uy sJaazyY souws 
644 SUCTe U9eQ OATY Of PTBS ST 629899 POATUN 944 UF peuTM TwOo 4SuUT; eUY 


AQVIMS TVOIMOLSIA 


SILO °O'l 


Google 


I.C. 6756 


TABLE 1. - Explosions and deaths, by periods 


| | Average no. killed 
Period Mxplosions | No. killed ver explosion 
1839 to 1870, 31 years ? 217 31 
1871 to 1900, 29 years 5 162 27 
1901 to 1930, 29 years 14 98 7 
1931 @eeeeaeeveeveuvueveaeevener fe) @) 0 
1932 e9seeee~oesegGoeoeeseovnsve8 ene 6 3 54 18 
Totals and averages 29 531 18 


Table 2 lists the explosions causing fatalities or indicating violence 
with no accompanying fatalities. Table 3 lists many nonfatal occurrences 
that might be called local explosions or ignitions. The list is representa- 
tive of this tyne of explosions; although not complete, as many such explo- 
sives are never recorded, it includes enough of them to show the many poten- 
tial disasters that were escaped, in most cases by fortunate chance only. 

In these 42 local ignitions 71 men were more or less seriously burned or 
injured. Of the 29 explosions given in table 2, resulting in 521 fatalities, 
2 caused no deaths and 2 others only 1 death each. 
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| ' Type (Dai lyAverazd In Source means 
| 


| 
| of iton— | eri pee oe ed Limite accuma~ of Other of 
Date Mine County | mine jnage a a. foe bent by Face lation | ignition! factors | preve 

1843: Mar.18} Black Heath | Chesterfieldslope, 85 o Vio- Going Meese ae left 
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| | | | face ; Sunday. fore Mon+ and insvec-| 
| ’ | day shift. tion 
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41855: Mar.19! Midlothian 


} 


| 
| 


| 

| 

i 

| 

: 
| elle. 
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1839 — 1933 -- Continued 
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| | | | i 
hw ; ae Cause | Possible 
| | Type baily mes | repose of | Source means 9} | early 
| of jton- Average, In | (Ex. |Limited) accum- | of Other of a | total 
Case Date | Mine mine page emplyedimineType tent| by | lation ignition | factors prevention | cilled 
8 11875 Raccoon pit|ChesterfieldSlope,| -—- = | “3 Gas Local small Unventilat- Ppen Used both Exclude 3 
gassy! | | amount, ed working! light. Davy and | open “alt 
i | | place. open ligntes 4 | 
| | eee 28) | Supt. and lights. | 
| | | | | EY | | 2 gasmen. | | a ae | 
9 11g76: May 20|Midlothian e iShe laa | 10 | do Wio- |Expan- [Inadequate | do Foreman Wentilation,| 8| 2 ea 
| | gassy | lent | sion ; ventile- | investi- | inspectia, | | | 
| | | tiie vena a | gating | flame safe- | | 
| | . | reported | ty lamps. | | | 
| | | | | | | gas with | 
i | | | pal | open light, | he meee 
10 1282: Feb. 3 do - do be | = |32 bas ecco. a lsealed fire! do No exolam-Supervi sion, 32) a) “| 42 
| | | | dust | laren, | tion and flamei } 
| | | | | | | | | wf |. given. safety | 
| ae. Seen | haa aan ee | 
11 1¢s4; Mar.13/Laurel Tazewell Drift,| --~ | 500 1155 Dust, do He rea Paet blocked Blast— pane dry 12| - al 112 
non— | | | | Grifts. {| ing. and dusty.Safer blast, | a 
| | gassy| | | | | | Main doors} | | ingwventi “F | | 
em LL laa | 
| | | io Gboa See | | | sienna At 
| | | sion, dust | | 
| | | aa | | removal, | 
| | | | | | | Eas wetting. | 
12 11900: May 10}Lee Wise do 450; 100 5 | do | do | Sxpan- lvery dusty,! do 20 sticks-|Safer | “Pr OG 7 
| | | | | he Bee | sion | ineffective | open shot} plasting,| | 
| | | | sprinkling; ton rock. | dust re-' | 
| | a | | 2 rescuers | | moval, | | | 
| | | | : | : | | killed. | wateringe| | | | 
| | | |) ee | | | ie 
| | | | | : | | inser 
| | —— ta al ae | Bree CR 
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18%9 — 1933 -— Continued 


H ; fause | Abe 
Mez _-Explosion of * Source Possible 8) A | Be early 
ihimit accumi- ; of Other means of jr a is tetal 
i ds lation enition |factors revention| & | jm killed 
| ire de- - [Mine “a a“ 9/20} |) 
ranged state cy, | ae ) 
| | ventila- | | WP 
| | tion ig- ) 
| | nited ac- iS | p 
cumlated, | } 
| Bas. | ) 
nee Nov.e22| do do = = = Gioia | a parts went | do - Ventilation 2! Oo} q) I7 
| in to 4 and test | | | | 
| | spect | for CO ro 
| | | efter ex- es) 
i | plosion : | 1) 
| | | | Nove, U4 ce 
| | . | Killed. by | 
: ! eS Boe coe | 3 | D 
14 [905 Oct. 3, do | do = | 26 as Strongispan— Bisck blast-[Blown—- Shifts | Safer a6} of | 36 
| | tus sion { ing pow- | out changing| blasting, 
| = and | der | shot. 74 plus | dust 
! | | lwot , (solid). | 2 im re= 
sec | covery. 
| ae, \ tions | j 
15 gor: Mar. 10) Greeno | Wise 30 | 1O-ae-| = xpan-—| Changing pen Section | Closed 6} al 2 6 
| sion,| from fur—| light. | marked lights, 
{ | | nace to out. super- 
| | | | fan. Ven- Driver vision, 
tilation - rent in | clear ; 
| inter- to get mine be-— 
| | ruoted. coal, fore men 
| entor, 
| water. 
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and super— 
vision. 


steam, aang 
S sgt Us rom 
Sm lst hole 


Cause | | 
Type Dail; Men | Explosion Oe Source | 
of jton- |Average In | Tux- [Limi te accum | Et 
i mine age |e lgvediaindTypel_tent | by lation ewe factors iS 
Carbon Hill|ChesterfieldSlope,| - — | = robably Fe eal Srobably Safer 5 
gass | | | solid | tanmmed ine, water,| 
| | shooting | with dust | 
. black coal removal. | 
se ho lasting | dust. 
910: eee Greeno Vise do BOE |E ay b ae gag etrad xpan- Ges torced Open No State |Closed 8 
x dust! sion, | con on |! light. inspec— | lights ven- 
| | inert | tion tilation, 
| | dust | ity service. | inspection, 
| | on en with air | | water. | 
| | | | tries,| hose. , | 
| | | | damo- | | | 
| ness. | 
18 fi911: Jan.21 !Carbon Hill Gnestenmietd| do do! — |Expan- iMiner | | KeKe) } oo losed | 
| | sion, | crossed | | lights, | 
vie | water | danger __ | | super- 
| | board in- | | | vision, | 
| | $0 room | | emits ae 
| marked off.) | | tion. | 
19 1912: June19} do do | ao | 150! 90 -|Gas| - | do Man passed| do “ | do | 28 
| oe | | danger | 
| | | sien into | 
gas in | 
| gangway | 
face with 
| open light. | 
do do 90 10|Gas,'Small|Yater- [Lit sas Ooen [Inadequate entilation, 
dus ing, while flame | ventila- | inspection, 
wash- | solitting tion. ime nermissible 
ing, tise with | spection,| blasting. 
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TABLE 2. — Gas and dust explosions in Virginia coal mines with resultant fatalities or violence, 


en 
a nse Type bade! ao of ie eee Yearly 
: of | st ae Tn Other r - Ie total 
County | min mine | n snition factors | : : killed 
j H | 
el 1915; Aug. |Polasit Slope,| ~ | oo ary a cen [Man came |Ventilation, (1 0 1 1 
gass | | | | amount) fanning light. jinto supervi- | 
ee a | out gas. crosscut | sion, | 
| | | | Davy lamp.| with | closed | 
| | | lopen | lights. | | 
| J light. F | 
918: Jan. im Creek nee rift,, 40 ch 7 Dust ee olid shoot _-Blown- [Black nt coal, 41 Ol 31) 
~ non- | | i dust, | ing 2 or 7 out | blasting permissible | | ) 
| gassy, | | | | expan-| blomout | shot. | powder, | blasting, | ) 
. | | | sion ao rast | Whugh water | |) 
| | ae | duet pay 
| | re |tamp. | | Ay 
a July W moda No. 3 |Wise Drift,j1, 000) 250 | ~fas; do |Expan- : face |, Open ‘Safety (Closed eet oy 5 
| oF | | j sion, | inby last, lignt. lamp © i lights, | | i 
| i | | water | XECUis on belt | super- | : 
y | pool | Fireboss. | nl poe aya Scorn, | | |) 
en 9253 June 9 Linden Mo. 2| do- ee do = “ _ to Local Pamen- S second |! do |Some " fentitation, 10} 3 0} 8) 
| is ' sion, | fall pushed | dust: inspection, | | 
| | | | pillad gas from | | asenet, | closed 
| | | : sa gob cver | | | lights. | 
| ings | light. 
25 1927: Mar, asp — o Dickenson do 500] 100 | 10 do lsmel2 \Bxpan- (Air short : do seu €x- — Ours 2 0 
ave | sion | circuited | | amin lights, 
| | | | in start— | | ing venvilation, | 
‘ | | | | as new | Neegee inspection. | 
ft . wall face, 
26 1928: Aug. 25Great Pulaski Slope, 80 70| 2} do Local! Inert e stoppediisctricpat cur- lectric 210 0 2 
Valley | gass dust | until men | are. | rent equipment 
entered. | on bat. | on intake, | 
ee inspe tery continuous 
tion. Ac~ ventilation, | 
tive sec— inspection, | 
tion on | | 
sare tarts Raa sere Ws 21M (Sew ee Oe ee er 8 
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| 


eg 5c Men Explosion Gouse te ' 2 
‘ ource S| Yearly 
| toe a 1Ex- {Limited accum- of Other S| tctal 
Date Mine County _ ane n mployed|mi neType| tent v3 lation ig ive factors: prévention al Bio! 
27 1932: Jan. 18|Parrott Pulaski Slope,, 320, 117 18 Gas, StrongPartly iseisstetgeretta Smoking. [Propa. /Ventila— d Q} 12) ) 
eat dust inert | ventila- gated | tion, ine ) 
dust | tion and by gas! spection, ) 
inspec- -} and - super. ) 
tion. “dust vision. | ) 
| | mi x- | |) 
| | ture. ) 
2g Feb. 27 Boissevain Tazewell ust) Vio- Wet ust raisediBlowm— | |Stemmed Memidaalhl 38) 0 0) Bu 
lent | sec- | dy 4 bot- | out: - with | blasting, | | >) 
| tion, | tom holes | shots. | bug rock-dust.| : er |.) 
Sapna yentted v dustd | | | |) 
sion over~ . ke Py 
eh es * | | Hy 
top holes. 2 | | ) 
29 June 13) Splashdam {| Dickenson do fWater fan starte Open No in- |Ventila. -+| 10 0) 0) ) 
hole, men spec— | tion. an- ab CARY 
| Weise oe in. -{ tion. spection, | | 2 
sion es closed ! ) 
| ‘lights, | | ) 
t Spore dust, ) 
Total Pa ee Fa 
+See ee SE etd ay Pe 
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TABLE 3. ~ Gas and dust nonfatal ignitions, Virginia 


SE EE oe on! co . ee me oe © ee e-em a a TE 


Source or 
jenition 


1850|Richmond |Gassy | Poor ventilation and inspection | Open light/1 miner 


1860 do do do do do 
1e7e do do Strong feeder do 1 super- 
| intendent 
1872 do do do do do 
18831 Pocahontas | Non= Dry, dusty, black blasting pow- | Blown-out {2 miners 
| gassy | der, dust, flame, and keg of shot 
| | powder 
1903 ;Anthracite|Gassy | Clearing gas with pipe and Cpen light|1 foreman 
steam jet 
1904 ado do Entered idle unventilated room, do 1 foreman 
| no inspection 1 fireboss 
een | do Overcharged hole in rock, black |Blown-out |10 men 
blasting powder and dust shot 
i ie | do Clesring gas from roof cavity Open light/2 miners 
with compressed air 
1914 do do Cut into roof feeder, miner do miner 
returned after shot 
1916 do do Surveyors in old works, poor do engineers 
ventilation, no inspection | 
1916 do do Cut into old workings containing| do miner 
CEg, CO5. and air 
1916 do do Went pyar slate fall into idle do trackman 
working 
1916 do do Went back into face shortly do miners 
after cutting 
1917/Anthracite| do Put head in hole, x-cut air do miner 
course to heacing 
1918 do do Cutting eir course, poor went do do 
lation, raised light too high 
off floor. 
1918 do do Fanning out gas over open light do miners 
1922|Southvest | do Poorly ventilated face, faulty do miner 
or no insnection 
1923 Anthracite] do Fanned sas baci on lamp do do 
1923 Southwest | do Assistant foreman passed through} Smoking section 
curtain, had safety lamp, but foreman 
was smoking 
1924} do do Small pocket. (Before they Open light|1 miner 
used clcsed lights) 
1924 do do Drilling in heading, poor Electric do 
ventilation drill 
1924 do do Drilling in heading, went do 2 miners 
back too soon after shooting 
1642 -~ 10 ~- 
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TABLE 3. ~- Gas and dust norfatal ienitions, Virginia--Contimed 


1925! do 
1925} do 
1925| Anthracite 
1925 do 

1925! Southwest 


1926] Anthracite 


1927|. do 

1927)! Southwest do 
1927 do do 
1923) Anthracite! do 
1928 do 
1930 do 


1931) Southwest 
1931] Anthracite 
1932} Southwest 


1932| Anthracite 


1642 


Cause 


Cut into old borehole 

Slate fall in "robbed" area 
drove out gas over open 
light 

Brattice shot down, not re~ 
placed until gas gathered 

Airway blocked by coal shot 
down 


man examining 

Examining rise room, opened 
safety lamp to relight 

No inspection at face heading 

Loading coal 

Fanned gas bacx over lamp, 
door left open 

Exemining high cavity, opened 
safety lamp to relight 

Fixing machine, poor ventila~ 
tion and inspection 

In roof-fall cavity, faulty 
or no inspection 

‘Engineer went past wing cur- 
tain in air course 

Snooting on solid, dynamite 
and dust 

Foreman inspecting for re- 

| ported gas with open light | 

West up to face after shoot~ 
ing without extending cur- 
tain 

Looked into shot holes with 
open light 

do 


~ J] ~ 


Google 


Gas near roof over fall, fore- 


| 


| 
| 
| 
| 


Source of 


mition | Injured 


Yrilling in air course heading|Electric 


drill 


Open light 
do 


do 

do 

do 

do 

do 

do 

do 

do 
Blown-out 
shot 
Open light 

do 
Blown-out 
shot 
Open light 


do 


do 


do 


1 miner 

e miners 

3 miners 

1 miner 
do 

1 foreman 


1 fireboss 


1 fireboss 
4 machine- 
men 

1 miner 

l engineer 
4 miners 


1 foreman 


e vrattices 
men 


1 miner 


do 
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Table 4 anew the susie ones listed in table 2, arranged according to 
occurrence by coal fields: 


TABLE 4. ~ Occurrence of explosions by coal fields 


Period gion ~ Average no. killed 
aap etd __covered explosion _ 
Richmond Basin 1€39-1912 | 14 | 283 ~—_ 20.2 
Pocahontas 1884-1932 | 4 203 50.8 
Pulaski 1918-1232 | 3 9 | 3.0 
Southwest 1990-1032 | 8 | 36 | 4.5 
Totals and | - | 29 
averages | 


In the Richmond FBesin the earliest report«:d explosiom was that in 1839 
Refererce has been found to a possible explosion in 1217 and others in 1241 
and 1344, accounts of which, however, were not discovered. The list o* exvlo- 
Sions in this srea would, no doubt, heve been lar;yer hed the mines not been 
virtually idle from about 1890 until the small revival ebout 19006. 


The record of the Pocahontas field in Virginia is one of heavy disasters 
at rather long intervals. The Pulaski or semiantnracite district has a light 
record as regards ‘fatal expnlcsicns, probably because of toe nature of the coal 


dust. Nonfatal ignitions have been numerous. 


t 


The record of the Southwest field indicates a more or less average per- 
formance compared with that of neighboring fields in other States. 


In the 29 explosions with fatalities or violence listed for the State 
only 6° men escaped with injuries; these escaped ceath in 13 of the explo- 
sions, and in the cther 16 no nonfatal injuries occurred i: so far as the 
records indicate. As ari:sle, tne list of those who escaned uninjured 1s too 
incomplete to yermit conclusions to be drawn; however, in the last 10 vears 
62 men were killed in explosions in Virginia coal mines, and 18 escaped un- 
injured, 12 of these being in an explosion in a semianthracite mine. 


Table 5 presents the fatality rates from gas and dust explosions per 
million man-hours of underground exposure. Tne rates ere erratic because of 
the irrecular nature of these disasters; they show no particular trend. The 
production and employment totals are relatively too small for generalization 


on this type of accident. 
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TABLE 5. - Explosion fatality rates and percentage of total, by periods 


Fatalities per million _ ' - Percentage of total 


Period Tons, ' Man-hours (inside | ' number killed-- 
Va. | Va. U.S. Va. U.S. 
1901 = 10 ; | | 
10 years 1.75 0.60 ~~ | 20.9 i/ 20.0 
1911 ~ 20 . | | 1 
10 years 26 , 12 O.l1l 49 ° ! 12.4 
1921 = 25 ) | . 
5 years .00 | 00 35 | 0 14.8 
1926 = 30 " ' | 
5 years 03 4 .02 | 31 | 9 f 12.5 
1931 - eC 
l year 00 | .00 | 13 | 0 6.0 
1932 _ a 
1 year 7.02 6.00 | re) 76.1 14.3 
1901 = 32 -- | aon ; 11.4 ; 14.0 
" { 


1/ 1902 ~ OS, estimated. 


CAUSES OF EXPLOSIONS 


Three fourths of the explosions with resultant fatalities or violence 
were charged to open lights, including 1 by a mine fire and 1 by smoking. 
About one fourth were caused by blasting, and 1] explosion was ignited by an 
electric arc. 


TABLE 6. = Causes of explosions and nitions in Virginia coal mines, 


1839-1932 
Explosions with resultant ri Ignitions without 
fatalities or violence fatalities or violence 
listed in table 2 listed in table 
Causes Explosions Percent Causes | Ignitions | Percent 

! 

Open lights 21 a 
 ,or flames 

Blasting ? 4 10 


Electric arc 


1 
rota 10 


Of the 42 nonfatal ignitions 35 were caused by open lights, including at 
least 1 by smoking. Three, caused by electric drills of a nonpermissible type, 
burned at least 4 men in 1 mine; these drills were subsequently discarded. 
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Open lights.- Of the 21.fatal or violent explosions caused by open lights, 
l2 occurred in the Richmond Basin, 6 in the: Soutbrrestern field, 2 in the 
Pulaski semianthracite mines, and 1 by a fire in the Pocahontas field. In the 
past 10 years, 4 of the 6 explosions listed for the coal nines of Virginia 
were charged to open lights or smoking. 


Blasting.- Two explosions in the Richmond Berin were charged to blasting; 
5 in the Pocahontas field were caused by blown-out shots; and 2 in the South- 
western area were charged to the same cause. In 3 ceses shooting was done on 
the solid, and black blasting powder was used; in another a heavy, open charge 
of dynamite was exploded on a large piece of rock. In most of these- cases 
(probably in all of them) the charze was stemmed vith coal dust. 


TYPES OF EXPLOSIONS 


. Designating mines -in table 2 as gassy or nongassy is based on the actual 
presence or absence of gps, according to standards expressed in Mine Safety 
Board Decision 3. (See p. 20) 


~~ = 


ota one eae cnn ot 


rpl th resultant fatalities or violence 
Kind of mine Bret Ose one wi esu 


- Gas Dus t Gas and dust Total 
Nongassy | ) 4 
Gassy “o {1S 25. 
411 mines ee © 29 
531 


Fatalities | 87 


The 29 explosions described in table 2 are summarized in table 7 to show 
the mamber that occurred in zassy and nongassy mines; they are grouped accord-— 
ing to the tyne of explosion, as zas,-dust, or zas and dust in combination. 


Seven of the explosions charged to gas alone occurred in the mines of the 
Richmond Basin and caused 66 of the 87 fatalities. @ the remaining cases, 1 
was in the Pocahontas field, resulting in 17 deaths, and 2 were in the Pulaski 
mines, with 3 deaths. The other 3 were in mines of the Southwest district, 
with only 1 death resulting. Gas explosions caused an average of nearly 7 
fatalities apiece. | | 


Dust explosions caused a heavy loss of life in nongassy mines. Two in 
the Pocahontas field resulted in 150: deaths. Two others were in the South- 
west district and the other in a gassy mine in the Richmond Basin. 411 5 of 
these explosions were initiated by blasting or using explosives or by prac- 
tices that had been proved unsafe. Dust explosions averaged about 33 
fatalities each. 


1642 ~ 14 ~ 


Go gle 


1.0. 6766 


The 11 explosicns involving beth gas and dust caused 277 fatalities, or 
about 25 fatalities per explosion. Six were recorded in the Richmond Basin, 
3 in the Southwest, and 1 each ir the Pocshontea end Puleski fields. 


PREVENTION OF EXPLOSIONS IN VIRGINIA COAL MINES 


Even in the early period when frequent and disastrous explosions were 
occurring in the Richmond Basin, methods and means were at hand to prevent or 
greatly reduce the possibility of their occurrence. Customary practice and 
the belief that adoption of protective measures. was unwarranted seem to have 
been the main reasons for not making use of the knowledge and zeans developed 
by pest experience. On the other hand, there is no doubt that then, as now, 
some officials in responsible charge of the mining operations were not awaro 
of the dangers confronting them and were shocked and surprised when disasters 
occurred. For at least 15 or 20 years means have been as readily available 
for preventing explosions in Virginia as in any other State in the Union. 


Recommendations to prevent recurrence of similar explosions were made in 
reports on these explosions by engineers of the United States Bureau of Mines 
and other investigating bodies. These recommendations, representing the best 
accepted safety practices at the time when made, are given in table 8. 


‘TABLE 8. .~ Recommendations for p reventing Virgi nia explosions 
a made at time of explosions | 
Sia made 


Inspection for gas and ventilation of mine or section before men 
enter rrr rrr Pere r rr ree ere eee eee eee 
Ventilation, improve or adopt proper syStem .....cccessecsseeccers 
SUPOFViSiONn cicsccccccccccevevccesseccsseenseessecsscceeesseeseees 
Use of permissible closed lights in place of open lights «sess. 
Use of flame safety lamps in place of open lights ...ssessseececes 
Dust control (watering, dust removal, rock dusting) .--csscesssers 
Safer blasting (eliminate overcharged holes, ‘coal-dust stemming, 
SOLAd SHOOTING) coccccccccscccccecsecseerssssnscsesccrssesssee 
Permissible explosives and blesting methods ooscsscesseccresccorcs 
Safer storage of black blasting powder ...cserecsecneesevcsessvecs 


-——- 


Recommendations 


aus © 


rm iH 
co 200 0 


i CI 


eee es OED oe ee oe as etary ws areca a ID 


Inspection.- Failure to inspect for gas and to clear it from workings 
before allowing men to entor were primary factors in 19 of the explosions 
listed ii table 2. Safety inspections, including rigid search for explosive 
gas, should be regularly and thoroughly made before shifts enter and at such 
intervals afterward as conditions may require. 


SS Sle ae 


openings or compartments in the same opening by differences of elevation or 
the movement of buckets or skips, .or otherwise, was the chief method of 
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ventilation for many years. Furnaces or small blowing engines were installed 
to help out when more air had to be provided; later fans hecame eommon equip- 
ment. In 1914, of 102 mines inspected by the State department, 95 had fans; 
in 1920, 217 fans were reported in 247 mines inspected. At present it is 
probable that nearly all mines of any size are so equipped, although in some 
instances the efficiency of the control of the air may be rather lew. Several 
important mines in Virginia have revamped their ventilating svstems within 

the past year to obtain adequate, controlled, and more economical ventilation. 


The recommendation to improve ventilation was made in 17 eases, including 
one in which gas was not involved, where lack of circulation of air allowed 
fumes and fine dust from blasting to form dangerous mixtures in the air and 
contributed to a dust explosion ignited by blasting. 


Supervision.- Failure to eeoncige adequate supervision was a factor in 
at least 9 cases; it was the direct cause of the conditions causing some of 
the explosions and an indirect cause of others through failure to see that 
firebosses or other responsible officials were competent and diligent in per- 
forming their duties or to guard against carrying open lights into gassy 
workings, 


The direct cause of an explosion often may be an act or accident for 
which those charged with supervision of the mine are not directly responsible; 
but they are very likely to be responsible for the e¢onditions in the mine 
which permit the initiation or propagation ef an cxplosion. 


Flame _safetv lamps and permissible closed lights.~ The Davy or the 


Clanny flame safety lamp was available before the earliest occurrences listed; 
althougn they gave poor light their use, at loast in inspection and in work- 
ings where good ventilation was not assured, would have prevented many of the 
early explosions. Effective,. relatively safe, closed lights were used in 
near-by coal-mining districts. before 1910. In 1919 an installation of 125 
permissible electric cap lamps was made in the Southwest field and in 1920 a 
Becond; in 1932 approximately 3,900 were in use, and vase numter was increased 


to 4,820 by the summer of 1933. 


Nine explosions were caused by open lights in Virginia after practical 
electric cap lamns had been. in use in coal mines in the United States. 
Twenty-eight of the ignitions listed. in table 2 were eaused by open lights in 
mines since 1910; the Bureau of Mines recommends the use of electric cap lamps 
of permissible tyne in all coal mines as a measure of safety, efficiency, and 


economy, 


Dust control.=- In 1932, 18 explosiong occurred in bituminous mines in 
the Jnited States. In at least 4 of these mines rock-dust localized the ex- 
Piosion and saved 100 to 300 lives; in 2 other mines only partly protected by 
rock—dusting the explosion cs to AEs Maeeaee and caused the death 
of 15 or 20 men. , | 
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Fron 183° to the time rock-dust vas proved and widely used as a protective 
measure, in at least 6 cases in Virginia the use of water to allay the dust 
and the removal of accumulations of fire coal and dust very probably would have 
prevented or greatly reduced the force and loss of life from explosions; in 
1 instance the use of these measures did limit the spread of the explosion in 
a mine where several previous disasters had demonstrated the need. 


As nearly as could be ascertained, only 1 mine in the State was using 
rockx-dust before 1932, Tyis mine was in the Southwest area. In 1932 two ex- 
plosions in Virginia cost 48 lives in mines that could have been protected 
with rock-cust, and it is very vrobable that if they had been so protected few 
if any of the 48 lives would have teen lost. Since then the mines of the 
Pocahontas field have been rock-custed, and at least 3 others in the Southwest 
Virginia field have adouted it to some extent. Treatnent of several others is 
understood to be under consideration. 


As shown in table 9 the Gust of the Richmond Basin coals was and is de- 
cidedly explosive, requiring 55 to 65 percent of incombustible matter to pre- 
vent propagetion of an explosion. 


No proof is needed of the explosive. qualities of dust from the Pocahontas 
coals after actual exverience. Tests in the Experimental mine on coal dust 
fron Pocahontas no. 3 bed show that an average of 57 percent of incombustible 
content is necessary to prevent -ropagation. 


The semianthracites of Pylaski and Montzomery Counties are on the border 
line between nonexplosive and possible explosive rark. Tests in the Kxperi- 
mental mine of the Bureau of Mines show that with 1 percent to 2 percent of 
methane in the air ar explosion may be propageted by the dust of these coals. 


Toe analyses of several beds in the Southwest field are given with their 
volatile ratios and the indicated percentages of incombustible material needed 
to prevent propagation of an explcsion. This percentage ranges from 55 to 61, 
depending on the fineness of the dust, no gas being present. 


Years cf experience, full-scale tests, and studies of actual practice 
have ca@ised the Bureau of Mines to recommend roci-dusting of coal mines as 
expressed in Mine Safety Board Decision 5.7 


Explosives and blastinys.- Permissible explosives were developed and their 
use acvocated as a safety neasure long before 1915. There were 4 explosions 
before tuat time in which use of excessive charges of black blasting powder, 
solid snooting, cocl-dust tamping instead of clav, or firing dynamite in an 
Open charge were the causes. In one instance gas was ignited by a match em~ 
ployed to light fuse, althouzh electric cap lamvs were used; this combination 


is by no means uncommon, although it is neither necersary nor safe. 


7 See page ol, or Recomnendations of the U. S. Bureau of Mines on Certain 
Questions of Safetv: Bureau of wiines Inf. Circ. 6732, July 1933, 43 pp. 
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Atter permissible explosives were readily available and in more or less 
general use 2 explosious in Virginia were caused by the use of other than 
pernuissible explosives nas permissible snooting methods. 


Table 10 shows the amount of explosives of various types used in Virginia 
for certain veers as reported to the office of the State mine inspector. 


TABLE 10. - Explosives used in Virginia coal mines 


Black blast- Permis- | | Black blast-— 
Year| ing powder, | Dynamite, sible, jl Year i poder, 
percent “poreent percent . : 


1923 1928 
1914 = 3 a. 1931 31 
1920 80 5 15 ff 1932 32 
192 67 8 


= ) ae 


All forms of black blasting edehe en aiae, pellet, or stick--are 
grouped together in table 10. . Until late years nearly all black blasting 
powder was in granular form, sold in kegs, but has been largely revlaced by 
pellet and stick varieties. From an explosion standpoint, tho hazards are 
essentially the same. The dynamite used is virtually entirely for shooting 
top rock, although types of permissible explosives are available to do this 
work and do it well. It is notable that there has been no appreciable change 
in the percentages of the various kinds of explosives used in Vyrginia coal 
mines since 1928, The hazards of shooting with nonpermissible explosives are 
well known, but settled practices are usually changed only when a catastrophe 
focuses attention on an ei 


As late as 1918 an explosion was caused by soootine from the solid with 
black blasting powder; this practice is gradually being abandoned but has 
not yet been eliminated. The figures given below indicate the trend as re- 
ported by the State inspector and as given by Byreau of Mines records. 


TABLE 11. ~ Percentage of total production machine-mined 
in Virginia 


Percent 


Year Percent _ 

1897 20 (63 

1900 10 

1903 2 82 

1907 17 | y OG 

1910 35 or] 

ee an | be ose —— 
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These figures include both the semianthracite and bituminous production. 
None of the semianthracite is machine-mined, but all is shot with permissible 
explosives, In 1931, 88 vercent of the bituminous coal was mined by machine, 
less than 3 vercent was mined by hand, and over 9 percent was shot off the 
solid, In the anthracite field 22 percent was shot off the solid, 


Attention is called to the. followings decisions of the Mine Safcty Boara& 
of the United States Bureau of Mines, which refer. to conditions described in 
this paper: - 4 


Decision 1, relating to miner's lamos in coal mines 
Tne United States Bureau of Mines recommends: 


1. In all coal mines the nortable lamps for illumination be permissi-—- 
ble, portable, electric mine lamps; and also | 

2. In rlaces where fire damp or black danmo is liable to be en- 
countered, u vermissible, magnetically locked, flame safety lamp for gas 
detection. or eauivalent permissible device, be suovlied to at least one 
experienced employee in each such vlace; and 

3. <Any employee before being supvlied with a permissible flame safety 
lemp be examined by a competent official of tne mine to assure the man's 
ability to detect gas; and 

4. All coal mines whether classed as nongassy of gassy in any part, 
be supplied with magnetically locked, permissible, flame safety lamps, 
properly maintained and in sufficient number for all inspection purposes, 


Decision 2, relating to the kind of explosives to use in coal mining 


In the interest of safety the United States Bureau of Mines recommends 
that for blasting in coal mines, permissible exnlosives, fired electrically, 
be exclusively used; and that as an aid to blasting, all coal which is 
feasible to cut, should be cut or sheared, 


Decision 3, defining what the Mine Safety Board considers to con- 


stitute a nongassy, a slightly gassy, and a gassy coal mine 


The United States Bureau of Mines believes that all coal mines are 
potentially gassy; but for purposes of administraticn in respect to pre- 
vention of exolosions and fires, the Bureau recommends the following 
classification: 


Class 1 Coal Mine: A practically nongassy mine in which inflammable 
gas in excess of 0,05 vercent cannot be found by systematic search, 


ee eee ee 


8 See footnote 7, 
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Class 2 Coal Mine: <A slightly gassy mine in which - 

(a) Inflammadle gas has been found* but in amount less thane 
percent in still air in any activo or unsealed abandoned workings; 
ae | | | oo | 
(bo) Inflammable gas can be found, but in amount less than 4 

percent, in some place from which the ventilating current has.been 

shut off for a veriod of 1 hour; or | 

(c) Inflammable gas can be found** but in amount less than % 
percent, in a split*** of the ventilating current; or | 

(a) Inflammable gas enters a solit*** of ventilating current 

at a rate**** of not more than 25 cubic feet per minute. 

Class 3 Coal Mine: A gassy mine in which inflammable gas is found in 
amount greater than specified for a class 2 coal mine, 


* By employing an approved flame safety lamp, with flame drawn low, or by 
employing an approved gas detector, or by sampling and analysis with 
an approved gas analytical apparatus. 

** By sampling and analysis with an avproved gas analytical apparatus, 
by employing an anproved gas detector. | 
*** If but one continuous ventilating current is employed in a mine tnis 
shall be considered a "split" far the purpose of this definition. 
*k«* Determined by sampling, analysis, and ventilating-current measurement . 


Decision 4, relating to auxiliary fans or blowers in coal mines and 
coursing of air 
In the interest of safety, the United States Bureau of Mines, recom— 
mends that auxiliary fans or blowers should not be used in coal mines as a 
substitute for methods of regular and eantinuous coursing of the air to 
every face of the mine, ~ | 
Decision 5, relating to the prevention of coal-dust explosions by — 
rock—dusting. 


To prevent the propagation of mine explosions, the United States Bureau 
of Mines, recommends rock-dusting all coal mincs, except anthracite mines, 
in every part, whether in damp or dry enndition. It also recommends that 
rock-dust barriers be used to sectionalize the mine as additional defense; 
but these should not be regarded as a substitute for generalized rock- 
dusting. 
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Decision 6, relating to sealing all parts of a coal mine which cannot 
be kept well ventilated and inspected 


In the interest of safety, the United States Bureau of Mines recom 
mends that in coal mines all entries, rooms, panels, or sections that 
cannot be kept well ventilated throughout or cannot be inspected regular- 
‘ly and thoroughly, or that are not being used for coursing the air, travel, 
haulege, or the extraction of creal, be sealed by strong fireproof stoppings. 


Decision 7, relating to the carrying of "intake" and "return" 
@ir currents in sermarate shafts, slopes, or drifts 


In the interest of safety, the United States Bureau of Mines recon 
mends: 
1. That the mein intake and main return air currents in mines be in 
separate shafts, slopes, or drifts. 
2. That the main intake shaft lining be of fireproof construction 
and there be a ninimum amount of inflammble material in or adjacent to 


the shaft. 


Decision 9, relating to the quantity Ea quality of air to be furnished 


in ventilating mines 


The United States Bureev of Mines recommends in coal-mine ventilation 
‘practice the following specifications as to unit ouantity and quality of air: 


1. The quantity in cubic feet of. pure intake air flowing ver minute 
in any ventilating split shall be at least equal to 100 times the number of 
men in that split. . 

2. The quantity of air entering each unsealed place shall be at least 
200 cubic feet per minute and as mich more as may be necessary properly to 
dilute and carry away inflammable or harmful gases which may be present. 

3. The air shall be made to circulate continuously to the face in 
every unsealed place into which an appreciable amount of methane enters. 

4. The air in any unsealed place shall be considered unfit for men 
if it shall be found to contain less than 19 percent oxygen (dry basis), 
more than 1 percent carbon dioxide or a harmful amount of poisonous gas. 

&o. If the air in any unsealed place, when sampled or tested in any 
part cf that place not nearer than 4: feet s2OR Ene face and 10 inches from 
the roof, shall be found to. contain ~ 

(a) More than 15 percent of inflammable gas, the place shall . 
be considered to be in hazardous condition and require improved 


ventilation, and , 
(b) If more than 24 percent of inflammable gas is found, the 


Place shall be considered dangerous, and only men who have been 
officially designated to imvrove the ventilation and are properly 
protected shall remain in or enter said place. 
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6. If the air in the split which ventilates any group of workings 
contains more than 13 percent of inflemmable ges, these workings shall 
be considered to be in a dangerous condition and only men who have been 
officially designated to improve the ventilation and are properly pro- 
tected shall remain in or enter said workings. 


vecision 11, relating to haulage and hoisting in coal mines with 
reference to the went te tion 


In the interest of safoty, the United States Bureau of Mines, recom 
mends that in coal mines, haulage and (or) hoisting be kept in intake air 
as [ar as possible, 


Decision 12, relating to methods of firing shots in coal mines 


The United States Bureau of Mines extending Mine Safety Decision ce, 
recommends that for blasting either coal or rock in coal mines, permissible. 
explosives or equivalent permissible device be used exclusively, and in 
eddition recommends that in tlasting = 


l. Each charge shall te in a hole properly drilled and stenmed with 
incombustibdle material. 

2. Each shot shall be fired separately by a permissible single-shot 
blasting unit, using an electric detonator or igniting equivalent of a 

kind speci fied by the Bureau for the particular permissible SeErerare: or 

permissible blasting device. 

3. Before and following each shot in LeSsy and slightly gassy coal 
mines, examination for gas shall be made with a permissible flame safety 


lanp or permissible equivalent: — ond - 
4, If more than 13 percent of inflammable gas is found, in the quan- 
tity and by the method specified in Mine Safety Decision 9, the place 


shall be considered to be in a hazardous condition and before another shot 
is fired the gas shall be reduced by ventilation below the percentage and 
quantity specified in decision 9. 

5. Each shot employing explosives shall be prepared and fired by or 
under the immediate surervision of a man having a state certificate as a 
mine exeminer, fire boss, or foreman; and whenever conditions permit ali 
other men than those authorized to prepare and fire shots shall be ony 
of tne mine when shot firing with explosives is being done. 
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Decision 13, relating to electrical equipment in coal mines which 


may hecome gassy 


The United States Bureau of Mines recommends that when electricity 
is used in coal mines rated as gassy, or whenever in any mine the atmos— 
phere may become gassy: 


1. Electrical equipment shall be permissible, 

2. Nonvermissible electrical. cquipment*** snall be used only in 
pure intake air, a ae | 

3, Electrical power shall te cut off whenever the air in the work- 
ings is in a dangerous condition, due to inflammable gas. 


Decision 15, wetting machine cuttings, the face, and tops of cars 
in coal mining 


In the interest of safety in coal mining, the Tnited States Bureau of 
Mines to lessen the coal-dust explosion hazard recommends that: 


le Machine coal cuttings be wet as the cutting is being done. 
2. The coal face, and the working place 40 feet therefrom, shall be 


kent free of coal—dust by the use of water. 
3, Tne top of loaded cars in the working place shall be wet. 


Decision 16 machine cuttings to be removed in coal mining 


| ett han cetarciadnc mae 


In the interest of safety in coal mining, the United States Bureau of 
Mines recommends that: 


1. Machine cuttings be renoved from the cat. 
2, If the machine cuttings ere of a character which would contribute 


to a dust explosion, they shall be sent out of the mine. 


Decision 17, lessening the formation and distribution o: coal—dust 
in haulageways in coal mines 
To lessen the formation and distribution of coal-dust in haulage-ways, 
the United States Bureau of Mines, recommends that in bituminous and lignite 
coal mines: 


1. The mine cars should be constructed and maintained dust-tight. 
2. The coal should be so loaded that it will not shake off in 


haulage. 
3. he cars and loads should be so sprayed as to prevent dust being 


distributed along the haulageways. 
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Decision ion 18, , Superintendents end foremen of coal _ mines should 
have State certificates of competency 


In the interest of safety in conl mining, the United States Bureau 
of Mines recommends that: 


1. The foreman regularly in charge of underground operations and 
also any person who, in the absence of the foreman, may be placed in 
temporary charge should each have a certificate ot competency from the 
State to act as mine foreman. 

2. The superintendent or person in responsible charge of the mine, 
to whom the mine foreman reports, should have & certificate of competency 
from the State which should be issued unon a showing of underground ex~ 
perience for @ neriod of time as lonz as that required for a foreman's 
certificate and upon passing an examination including all technical ques- 
tions asked in the examination required of foremen.' 

3. These certificates should expire efter some stated period of 
time, such as 5 years, and should be renowed or.ly after the applicant 
has again passed the examination required by the State. 


CONCLUSIONS 


Dust of the semiantkracites has been found to be explosive in the 
presence of gas by both experience and tests made in the Zxperimental mine 
to determine limiting conditions. The dust of coals of southwest Virginia 
is by analysis clearly within the explosive range, and this has been shown 
by explosions provagated by dust in several mines. 


Although the mines in the Pocahontas field had worked 25 years without 
an explosion, later experience provea that explosions can and will occur 
unless reasonable precautionary ‘neasures are taken, and now it should be 
evident that the best protection against widespread proregation of an explo- 
Sion can be afforded only by adequate rock-dusting supplementing other 
safety features, such as effective ventilation, adequate supervision, and 
the use of up-to-date and readily available safe methods and equipment. 

The information necessary for proper application of rock-dust to these mines 
was obtained by means of large-scale tests conducted in the Experimental 
mine of the United States Bureau of Mines at Bruceton, Pa., using dust from 
these coals, 
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